Background and purpose: White matter hyperintensities (WMH) is identified as a marker of cerebral small vessel diseases and is a major contributor to cognitive impairment, depression, gait disturbance, and urinary incontinence. However, the risk factors for WMH in patients with type 2 diabetes mellitus (T2DM) has not been well explored. Thus, in this study, we aimed to investigate the relationship between the severity of WMH and vascular risk factors in lacunar infarction patients with T2DM. Methods: Consecutive lacunar infarction patients with T2DM were recruited in this crosssectional study. Paraventricular WMH (P-WMH) and deep WMH (D-WMH) were separately scored by the Fazekas scale, and classified into two categories by the severity. Vascular risk factors and clinical features were compared between the mild and severe WMH. Multiple logistic regression analysis was used to determine the relationship between severity of WMH and vascular risk factors. Results: A total of 327 participants aged 34-91 years were enrolled in this study. Compared with the patients with mild P-WMH, the patients with severe P-WMH had higher age (P=0.031), higher proportion of hypertension (P=0.042) and stroke (P,0.001). Levels of TG, LDL, and HbA1c were significantly higher in patients with mild P-WMH. Compared with the patients with mild D-WMH the patients with severe D-WMH had higher age and hyperhomocysteinemia (HCY) level (P,0.001), higher proportion of hyperlipidemia (P=0.008), and stroke (P,0.001). Multivariable logistic regression analyses showed that higher age and recurrent stroke were independently related to severe P-WMH and D-WMH in lacunar infarction patients with T2DM. Conclusions: Age and recurrent stroke are related to the severity of P-WMH and D-WMH in lacunar infarction patients with T2DM.
Introduction
White matter hyperintensities (WMH) or leukoaraiosis are areas of hyperintense on T2-weighted sequences and fluid-attenuated inversion recovery (FLAIR), isointense or hypointense on T1-weighted sequences with respect to normal brain. 1 WMH is considered as the main imaging sign of cerebral small vessel diseases (CSVD) which was classified into paraventricular WMH (P-WMH) and deep WMH (D-WMH) according to the locations. A lot of studies have demonstrated that WMH was associated with cognitive decline, depression, gait disturbance and increased stroke risk. 2 However, the risk factor and pathogenesis of WMH is not well known.
Currently, a review by del Bene et al 3 highlights more firmly the existence of a relation between DM and both presence and severity of WMH. Interestingly, some
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Yu et al studies found that the risk factors of WMH in subjects without T2DM were different from that in subjects with T2DM. Previous studies found that age and hypertension were independent risk factors for WMH in community populations. However, some studies found that hypertension was not related to WMH in T2DM patients. The results of a cross-sectional study by Van Harten et al 4 showed that there were no statistical differences in WMH scores between hypertensive and non-hypertensive patients with T2DM. The study by de Bresser et al 7 showed that neither hypertension nor arterial blood pressure level was related to WMH volume in elderly patients with T2DM. In addition, previous studies showed that the correlation between metabolic indicators and WMH was also inconsistent in patients with diabetes. A cross-sectional study investigated the associations of WMH with cognitive function, metabolic and vascular risk factors in 178 elderly patients with T2DM. They found that glycoalbumin/glycosylated hemoglobin was independently associated with WMH volumes. However, Murray et al 5 found the glycosylated hemoglobin level was not associated with WMH volume in a T2DM population.
Exploring the risk factors of WMH is important for further treatment. To our knowledge, studies on the WMH severity and vascular risk factors in patients with T2DM are rare, and the conclusion is consistent. Therefore, we aimed to investigate the relationship between the severity of WMH and vascular risk factors in lacunar infarction patients with T2DM.
Methods
study subjects
We retrospectively recruited the study subjects in the neurology department of Beijing Chaoyang Hospital affiliated to Capital Medical University from January 2011 to May 2015. Consecutive lacunar infarction patients were identified and collected if they had a history of T2DM.
Acute lacunar infarction was defined as an acute round or ovoid lesion of increased signal on axial diffusion-weighted imaging (DWI) #20 mm and coronal fluid attenuated inversion recovery (FLAIR) #20 mm in the distribution of a small penetrating artery (including pons). 6 Patients were enrolled in the study if they met the following criteria: 1) admitted within 1 week after stroke onset; and 2) agreed to participate in this study. Patients with a definite cardioembolic source (eg, atrial fibrillation, recent myocardial infarction, dilated cardiomyopathy, valvular heart disease, or infectious endocarditis) or ipsilateral extracranial carotid stenosis were excluded.
The study was approved by the ethics committee of Beijing Chaoyang Hospital and performed in accordance with the Declaration of Helsinki. All subjects provided written informed consent.
Demographic and clinical assessments
All patients underwent a laboratory test, including aspartate aminotransferase, alanine aminotransferase, urea nitrogen (BUN), creatinine (Cr), uric acid (Uri), creatine kinase (CK), glycosylated hemoglobin (HbA1c), blood-glucose (Glu), low density lipoprotein cholesterol (LDL), high density lipoprotein cholesterol (HDL), triglycerides (TG) and hyperhomocysteinemia (HCY). All patients received cardiac evaluation (including electrocardiogram and heart ultrasound).
Demographic features and risk factors were recorded, including hypertension (defined as receiving medication for hypertension or blood pressure .140/90 mmHg on repeated measurements), diabetes mellitus (defined as receiving medication for diabetes mellitus or diagnosed at discharge), hyperlipidemia (defined as receiving cholesterol reducing agents or low-density lipoprotein cholesterol $2.6 mmol/L at the time of admission), current cigarette smoking, history of stroke, and history of coronary heart disease. National Institutes of Health Stroke Scale (NIHSS) score was measured at the time of admission and discharge.
Assessments of WMh
Brain MRI scans were performed within 1 week after stroke onset, including DWI, fluid-attenuated inversion recovery (coronal) and MRA. Brain MRI was performed with a 1.5T scanner (Sigma Horizon LX, GE Healthcare, Piscataway, NJ, USA) or a 3.0 T MR scanner (Siemens, Erlangen, Germany). CTA was performed on a dual-source CT scanner (Somatom Definition; Siemens Medical Solutions, Forchheim, Germany).
P-WMH and D-WMH were separately scored by Fazekas scale. 7 Participants were divided into two groups according to Fazekas scores: a "mild group," for those with a P-WMH/ D-WMH Fazekas score of 0-1 and a "severe group," for those with a PVL/DWMH Fazekas score of 2 and 3 ( Figures 1  and 2 ).
Two investigators (Xiaoyu Zhang, Shuna Yang) blinded to clinical information, independently reviewed the MRI images and assessed the severity of WMH. In cases of discrepancy, the third investigator (Hua Gu, neuroradiologist) made the final decision. The intra-rater agreement for the rating of CSVD was assessed with a random sample of 80 individuals with a month-long interval between the first Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com
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Age and recurrent stroke are related to the severity of WMh and second readings. Random scans of 80 individuals were independently examined by two experienced neurologists who were blinded to each other's readings. The k statistics of intra-rater and interrater agreement were 0.70 or above, which indicated good reliability. Disagreements were resolved by discussing with other co-authors.
statistical analysis
Continuous variables were presented as mean with SD for normally distributed variables and as the median (interquartile range) for non-normal distributed variables. Independentsamples t-test was used for comparison of continuous variables with both normal distribution and homogeneity of variance; otherwise, the Mann-Whitney U test was used. Categorical variables were compared using Chi-square. Binary logistic regression analysis was used to adjust for age, sex, laboratory indexes, and other vascular risk factors. We adopted the severity of P-WMH and D-WMH as dependent variables and general clinical characteristics including age, sex, vascular risk factors (hypertension, hyperlipidemia, history of CAD, history of stroke, smoking), and laboratory indexes (TG, LDL, HDL, HbA1c, glucose, HCY, BUN, Cr and Uri) as explanatory variables. And then we used logistic regression analysis to determine independent predictors for WMH. The significant indicators tested by Chi-square, Independent-samples t-test and Mann-Whitney U test were put into the logistic regression model. Statistical analyses were performed using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA). P-values of ,0.05 were considered statistically significant.
Results
general subjects' characteristics
During the study period, a total of 1,004 acute lacunar infarction patients were identified, and 327 of them had a history of T2DM. None of them had a definite cardioembolic source or ipsilateral extracranial carotid stenosis. Therefore, 327 patients were enrolled in this study with 215 (65.7%) males and a mean age of 62.94±11.86 years (range, 34-91 years). Detail clinical and demographic features of the participants in each group are presented in Table 1 .
Characteristics of patients according to the severity of P-WMh
General clinical characteristics of the two groups stratified by the severity of P-WMH are presented in Table 1 .
Compared to the mild P-WMH group, the severe P-WMH group had higher age (P=0.031), higher proportion of hypertension (P=0.042) and stroke (P,0.001). Whereas, the proportion of smoking was higher in patients with mild P-WMH than patients with severe P-WMH.
Levels of HDL and HCY was significantly higher in patients with severe P-WMH. On the contrary, levels of TG, LDL, and HbA1c were significantly higher in patients with mild P-WMH.
Binary logistic regression analyses showed that higher age and the recurrent stroke were independently associated with severe degree of P-WMH after adjusting for sex and vascular risk factors. These statistical results are displayed in Table 2 .
Characteristics of patients according to the scale of D-WMh
General clinical characteristics of the two groups stratified by the severity of D-WMH are presented in Table 1 . Compared to the mild D-WMH group, the severe D-WMH group also had higher age (P,0.001), and higher proportion of hyperlipidemia (P=0.008) and stroke (P,0.001). More patients had a smoking history in the mild D-WMH group.
Levels of HCY was significantly higher in patients with severe D-WMH. Levels of HbA1c were significantly higher in patients with mild D-WMH.
Binary logistic regression analyses showed higher age and the recurrent stroke were also independently associated with the severity of D-WMH after adjusting for sex and vascular risk factors. These statistical results are displayed in Table 3 .
Discussion
To the best of our knowledge, this is the first study mainly focusing on exploring the risk factors for WMH of different brain areas in lacunar infarction patients with T2DM. Results showed that age and recurrent stroke are related to 
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Age and recurrent stroke are related to the severity of WMh the severity of P-WMH and D-WMH in lacunar infarction patients with T2DM.
WMH and lacunar infarction are the main imaging signs of CSVD. The prevalence of WMH is greater in individuals with vascular risk factors, notably hypertension [8] [9] [10] [11] and diabetes mellitus. Some studies have demonstrated that anatomical brain abnormalities were more often observed in adults with T2DM, including increased presence of subcortical infarcts, 12 and white matter lesions, 4 than healthy controls. It is well known that hypertension is considered the main risk factor for WMH and lacunar infarction. More and more researchers have found that there is a relationship between T2DM and both presence and severity of WMH. Two crosssectional studies 13, 14 showed that there was no association between DM and WMH. Another two prospective studies found a significant association between T2DM and the progression of WMH. Taylor et al 15 found that patients with T2DM had greater WMH progression in 113 patients aged over 60 years old through a 2-year follow-up. They concluded that diabetes is a potentially important contributor to lesion volume progression. In the LADIS study, Gouw et al 16 followed 396 elderly patients for 3 years. They found previous stroke, diabetes, and blood glucose were risk factors for WMH progression. In contrast, one cross-sectional study 13 and two longitudinal studies 17, 18 failed to find any difference in WMH progression between DM and non-DM patients. In the PROSPER study, van Elderen et al 17 followed 527 elderly patients for 3 years. There was no statistical difference in the progression of WMH volume or infarctions between DM and non-DM groups. A review by del Bene et al 3 highlights more firmly than previously reported the existence of a relation between DM and both presence and severity of WMH.
Interestingly, when study populations were limited to T2DM, the results changed. And the studies on risk factors for WMH in T2DM were not enough. Therefore, our study population was limited to patients with T2DM and then we attempted to search for the factors affecting severity of WMH. Vascular risk factors, such as hypertension, are considered the main risk factor for WMH. In a cross-sectional study, van Harten et al 4 showed that WMH scores did not differ between hypertensive and non-hypertensive patients with T2DM. Manschot et al 12 also found that hypertension was not related to WMH severity. In a prospective study of elderly patients with T2DM, de Bresser et al 18 showed that neither hypertension nor arterial blood pressure significantly affected WMH volume. Our study focused on lacunar infarction patients with T2DM, and found some traditional vascular risk factors had significant association with WMH. Our patients with severe P-WMH had higher age, often had a history of hypertension and stroke. Patients with severe D-WMH also had higher age and were more likely to have a history of stroke. Hypertension was not related to the severity of D-WMH. However, binary logistic regression analyses showed that only older age and recurrent stroke independently associated with severe WMH, not hypertension, which may be caused by our study population. Our study subjects were patients with lacunar infarction and lacunar infarction was well known to be caused by hypertensive lipohyalinosis. This shows that our lacunar infarction patients have hypertension background. The different study population may explain our result: hypertension is not an independent risk factor.
There may be significant association between some clinical features and the severity of WMH although the results have been variable. In a study of subjects without T2DM, Murray et al 5 showed that the HbA1c level was positively correlated with WMH. However, in another two studies, 12,18 the HbA1c level was not associated with WMH volume. A crosssectional study reported by Manschot et al 12 found T2DM 
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Yu et al was associated with D-WMH. Within the type 2 diabetic group, there was a modest association WMH with HbA1c and diabetes duration. However, multiple logistic regression analysis showed only age had statistically significant correlation. Another cross-sectional study based on T2DM patients found no significant association between HbA1c and WMH. 19 However, the value of GA (glycoalbumin)/HbA1c was positively correlated to WMH. Interestingly, our result showed the level of HbA1c was higher in patients with mild P-WMH and D-WMH. Logistic regression analyses also showed no significant associations about HbA1c and WMH in both groups.
A cohort study based on an elderly population including non-DM subjects showed that TG and LDL have opposite effects on WMH. TG increased with a larger WMH volume, and increasing LDL was associated with a decrease in the severity of WMH, 20 which indicate that high TG reflects insulin resistance and high LDL reflects nutritional status. Our study found levels of TG and LDL were higher in patients with mild P-WMH, but not in patients with severe D-WMH, which supported that the pathogenesis of P-WMH and D-WMH might be different. Logistic regression analyses showed there were no significant associations between cholesterol and both P-WMH and D-WMH.
It is well known that HCY is associated with endothelial dysfunction, and that high homocysteine levels in plasma are associated with WMH lesions in patients with DM. Tseng et al 21 reported HCY was a risk factor for cerebral white matter lesion in stroke patients. Even mild HCY can significantly increase severity of cerebral microangiopathy. One study by Feng et al 22 included 324 non-stroke patients, found HCY level associated with CSVD (defined as WMH and silent brain infarctions) more strongly than large vessel disease. In our study, levels of HCY was higher in patients with severe D-WMH. However, logistic regression analyses showed no significant associations about HCY and WMH after adjusting for confounders.
Diffusion Tensor Imaging (DTI) metrics, which can be used to provide indices of white matter axonal "integrity," tract anatomy and connectivity between brain regions. Alterations to brain function in T2DM have also been observed in blood oxygen level dependent (BOLD) functional MRI (fMRI) studies. Several studies through DTI demonstrated that microstructural white matter abnormalities may contribute to deficits in brain structure and function in adults with T2DM. [23] [24] [25] Studies using innovative MRI techniques, such as diffusion tensor imaging (DTI), reported a significant association between microstructural white matter alterations and DM. 26 Further studies using the sensitive and advanced imaging techniques are needed.
Our results showed only older age and recurrent stroke had significant association with severe WMH including P-WMH and D-WMH. WMH prevalence and volume increase exponentially with age, 11 and the prevalence is greater in individuals with higher levels of and longer exposure to various vascular risk factors, notably hypertension and diabetes mellitus. It has been shown that white matter changes are more extensive in patients with lacunar infarct than in those with non-lacunar ischemic stroke. 27 Rost et al 28 analyzed two cohorts of patients, found greater WMH burden was associated with small vessel stroke compared with other ischemic stroke subtypes. Our study is consistent with the results of the aforementioned study. Our study subjects were T2DM patients with lacunar infarction. Lacunar infarction is well known to be caused by hypertensive lipohyalinosis. Hypertension is considered the main risk factor for leukoaraiosis. Currently, more and more evidence has shown that diabetes is also associated with leukoaraiosis. A study including 122 lacunar patients by Arboix et al 29 found hypertension and diabetes were significant factors related to recurrent lacunar infarction. Patients with hypertension and diabetes may have metabolic abnormalities (dyslipidemia and hyperhomocysteinemia). Previous studies have shown dyslipidemia and hyperhomocysteinemia are associated with leukoaraiosis. However, our study showed metabolic markers were not independent predictors for severity of WMH. Metabolic indicators may have synergistic effects with diabetes. This could explain our result: metabolic indicators are not independent risk factors of WMH. Only lacunar stroke patients were included in our study which may reduce the external validity of our study.
WMH was demonstrated to be associated with cognitive decline. Blanco-Rojas et al 30 found that more than half of patients with a first-ever lacunar stroke and without cognitive impairment showed minor neuropsychological alterations. These minor disturbances were mainly related to the presence of clinically silent lacunar infarcts, without any relationship to cognitive impairment with WMH at this early stage of cerebral small vessel disease. The follow-up of these patients may be interesting to assess whether neuropsychological disturbances are predictive factors of post-stroke dementia in the mid-term, which should be explored in future studies. In the present study, we mainly focused on the relation between risk factors and WMH in patients with diabetes. Exploring risk factors for WMH has important clinical significance for further treatment. Our results showed that age and recurrent stroke are related to the severity of P-WMH and D-WMH in lacunar infarction patients with T2DM. WHM had similar risk factors with lacunar infarction, and age is an 
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Age and recurrent stroke are related to the severity of WMh uncontrollable risk factor. Therefore, prevention of stroke is particularly important.
There are several limitations in our study. First, our study was conducted in a single center. Second, this is a cross-sectional study which prevents us from making causal inference. Third, our patients received 1.5 T or 3T MRI, and this may increase the variability of the WMH assessment. Fourth, our research did not measure cognitive function, depression or gait disturbance, so we could not observe the relations between WMH and clinical functions.
Conclusion
In the present study, we explored the risk factors of MWH on different brain areas in lacunar infarction patients with T2DM. The results suggest that age and recurrent stroke may be related to the severity of WMH in lacunar infarction patients with T2DM. This conclusion may only be applicable to lacunar infarction patients with T2DM.
